Hole-to-surface resistivity measurements were made in a deep drill hole (6D-1), in San Juan County, Utah, which penetrated a sequence of sandstone, shale, and evaporite.
Introduction
The geology in the vicinity of nuclear waste repositories must be evaluated without extensive drilling that might destroy the structural integrity of the rocks near the mined area* Hole-to-surface and hole-to-hole geophysical measurements can be useful techniques for determining the presence of geologic inhomogeneities away from a drill hole.
Hole-to-surface resistivity measurements were made in a drill hole around the Gibson Dome structure in San Juan County, Utah.
The geology penetrated by drill hole GD-1 is summarized in figure 1 . The total electric field surface measurements were made using three different source depths (518m, 762m, and 1524m) in drill hole GD-1. These measruements were made along lines radial to the source hole at 20° intervals. The location of drill hole GS-1 and the measurement lines are shown in figure 2.
Hole-to-surface direct current resistivity measurements are made by placing a pole or bipole source down a borehole and measuring the resulting distribution of the electric potential on the surface. Theoretical studies of surface potentials due to in-hole current sources have been described by Alfano (1962) , Merkel (1971) , Merkel and Alexander (1971) , Snyder and Merkel (1973) , and Daniels (1977 Daniels ( , 1978 .
Field studies conducted previously at Salt Valley, Utah (Daniels, 1980) indicated the feasibility of making hole-to-surface resistivity measurements over an evaporite sequence. However, the Salt Valley study was conducted using single component electric field measurements, which were shown in a subsequent study (Daniels, in press ) to be less diagnostic of local geologic inhomogeneities than total electric field measurements*
The source-receiver configuration used in this study is shown in figure   3 . The current source consisted of a current "sink" at the casing collar, and a current "source" at depth.
A dipole potential receiver, consisting of closely spaced poles, enables the interpreter to calculate the approximate total electric fields. The nonradial components of the electric field are zero in a homogeneous or a laterally isotropic earth. However, when lateral inhomogeneities are present in the geoelectric section, the direction of the electric current emanating from a buried current source is not radial, and it is necessary to measure two orthogonal components of the potential in order to measure the total electric field. The direction of the total electric field can be computed from orthog- The interpretation of these anomalies will be discussed later in this report.
The apparent resistivity is calculated from the total electric field using the formula:
where I is the input current, r^ is the total distance between the "B" current source and the receiver, and X^ is the surface projection of r^. The geometric correction for the apparent resistivity calculation is a radially symmetric factor that can enhance electric field contour patterns that trend circumferential to the source hole, and diminish patterns that trend radially to the source hole. Calculating the apparent resistivity from the total electric field can aid qualitative interpretation when the primary geoelectric section consists primarily of a laterally isotropic media. hole GD-1.
The layered sequence chosen for the hole-to-surface model is similar to a Schlumberger resistivity sounding curve for this area, which is shown in figure 11 .
A residual apparent resistivity map is obtained by subtracting the layered earth model response from the field data. Residual maps for the three source depths discussed in this paper are shown in figures 12, 13, and 14.
Regions The major circumferential resistivity contours around GD-1 are not radially symmetric. The contour spacing in figures 8 and 9 is slightly broader to the northwest, suggesting a general north-northwest dip of the high resistivity salt layers. However, thinning of the beds could produce the same general resistivity contour pattern.
Conclusions
The hole-to-surface resistivity measurements presented in this paper were not made under ideal conditions. The current source was in a hole containing conductive fluid, which made it impossible to assume perfect point-source conditions and make a quantitative interpretation of the data. Also, the line spacing of 20° makes it difficult to define small anomalies away from the source hole. Future studies should include measurements made along lines spaced at 10° intervals.
In spite of the adverse source conditions and the sparse measurement spacing, these data do provide a good qualitative insight into the nature of the geoelectric section. The geoelectric section is not perfectly layered and appears to dip to the northwest. In addition, variations in resistivity indicate the presence of localized changes that may represent folding or thickening of the salt layers. These resistivity anomalies are particularly evident on the 300o line, and the line interval from Oo-to-80o.
